Optimized and validated spectrophotometric method for the determination of palladium(II) in synthetic mixture and automobile workshop area samples  by Azmi, Syed Najmul Hejaz et al.
Journal of the Association of Arab Universities for Basic and Applied Sciences (2016) 19, 29–36University of Bahrain
Journal of the Association of Arab Universities for
Basic and Applied Sciences
www.elsevier.com/locate/jaaubas
www.sciencedirect.comORIGINAL ARTICLEOptimized and validated spectrophotometric
method for the determination of palladium(II)
in synthetic mixture and automobile workshop
area samples* Corresponding author. Tel.: +968 96652690.
E-mail address: snhazmi@yahoo.com (S.N.H. Azmi).
Peer review under responsibility of University of Bahrain.
1815-3852 ª 2014 Production and hosting by Elsevier B.V. on behalf of University of Bahrain.
http://dx.doi.org/10.1016/j.jaubas.2014.06.006Syed Najmul Hejaz Azmi a,*, Bashir Iqbal a, Badriya Humaid Khamis Al Ruqishi a,
Safa Ali Mohammed Al Sayabi a, Nawal Musbih Khaif Al Quraini a,
Naﬁsur Rahman ba Department of Applied Sciences, Chemistry Section, Higher College of Technology, P.O. Box 74, Al-Khuwair 133, Muscat, Oman
b Department of Chemistry, Aligarh Muslim University, Aligarh 202002, Uttar Pradesh, IndiaReceived 24 January 2014; revised 6 May 2014; accepted 12 June 2014
Available online 11 July 2014KEYWORDS
Palladium (II);
Spectrophotometric determi-
nation;
Environmental samples;
ValidationAbstract An optimized and validated spectrophotometric method has been developed for the
determination of Pd(II) in synthetic mixture and automobile workshop area samples. The method
was based on the complex formation of Pd(II) with ceﬁxime in methanol-distilled water medium in
the presence of Na2HPO4-citric acid buffer solution of pH 2.6 at room temperature. The complex
showed the maximum absorption wavelength at 352 nm. Beer’s law was obeyed in the working
concentration range of 0.7502–16.5004 lg mL1 with apparent molar absorptivity of 1.224 · 104
L mol1 cm1 and Sandell’s sensitivity of 0.002 lg/cm2/0.001 absorbance unit. Limits of detection
(LOD) and quantitation (LOQ) for the proposed method were 0.07 and 0.21 lg mL1, respectively.
The effect of diverse ions such as Cu(II), Mg(II), Mn(II), Ca(II), Fe(II), Cr(III), Ni(II), Al(III),
Fe(III), Cd(II) and Zn(II) has been studied in the presence of Pd(II) and the maximum tolerance
limit of each metal was calculated. The proposed method was successfully applied for the determi-
nation of Pd(II) in synthetic mixture and automobile workshop area samples.
ª 2014 Production and hosting by Elsevier B.V. on behalf of University of Bahrain.1. Introduction
A tremendous effort has been taken for the determination of
traces of palladium in a variety of sample types (Sharmaet al., 2012; Ozturk et al., 2011; Soylak and Altin, 2013;
Soylok et al., 2000; Serencam et al., 2013). Pd is used in
jewelry, dentistry applications, ﬁne instruments such as
watches and some surgical tools for electrical contacts and
for the puriﬁcation of hydrogen gas (Bruzzoniti et al., 2003).
The largest application of palladium is in the catalytic ﬁeld.
The extensive use of Pd in automotive catalytic converters
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of this metal in the environment. The accumulation of Pd
has been detected in road dust (Dimitrova et al., 2004;
Kovacheva and Djingova, 2002; Gomez et al., 2003), tunnel
dust (Dimitrova et al., 2004), airborne particulate matter
(Tilch et al., 2000; Limbeck et al., 2003), car exhaust fumes
(Moldovan et al., 1999), plants (Djingova et al., 2003), seaweed
(Yang, 1989) and food additives (Vaezzadeh et al., 2010). Pal-
ladium is emitted in a particulate form together with a rela-
tively high soluble fraction. Further contamination of
aquatic systems may result from the transport of these parti-
cles through storm water. Under appropriate pH and redox
potential conditions, it is assumed that palladium undergoes
methylation reactions in the aquatic environment and could
be concentrated along the food chain (WHO, 2000). The effect
of environmental concentrations of Pd on humans is still
unknown, but hypersensitivity and allergic reactions have been
observed in susceptible individuals following chronic occupa-
tional exposures (Begerow et al., 1997). Therefore, because
of its increasing use and also due to toxicity of palladium(II)
compounds to mammals, ﬁsh and higher plants (Lee, 1983),
the determination of this pollutant in environmental matrices
is of considerable importance for human exposure assessment
and for the investigation of correlations with health effects.
Several analytical methods have been reported based on
atomic absorption spectrometry (Cetin et al., 2013; Tillery
and Johnson, 1975; Tokalioglu et al., 2004; Chwastowska
et al., 2004; Rojas et al., 2006; Liang et al., 2009), inductively
coupled plasma spectrometry (Moldovan et al., 2003), differ-
ential pulse polarography (Dias and Nozaki, 1998), high per-
formance liquid chromatography (Dong et al., 2006),
derivative spectrophotometry (Vojkovic and Druskovic,
2003; Kumar et al., 2009), kinetic spectrophotometry (Niazi
et al., 2008), extractive spectrophotometry (Kanetake and
Otomo, 1988; Reddy et al., 2008; Safavi et al., 1997; Davis,
1969) and spectrophotometry (Mori et al., 1999; Marczenki
and Kus, 1985; Otomo, 1963; Horiuchi and Nishida, 1967;
Mizuno and Miyatani, 1976; Marczenki, 1986).
The determination of trace amounts of Pd in environmental
samples required a preconcentration/separation procedure
when relying on the reported methods (Cetin et al., 2013;
Tillery and Johnson, 1975; Tokalioglu et al., 2004;
Chwastowska et al., 2004; Rojas et al., 2006; Liang et al.,
2009; Moldovan et al., 2003; Dias and Nozaki, 1998; Dong
et al., 2006; Vojkovic and Druskovic, 2003; Kumar et al.,
2009; Niazi et al., 2008; Kanetake and Otomo, 1988; Reddy
et al., 2008; Safavi et al., 1997; Davis, 1969; Mori et al.,
1999; Marczenki and Kus, 1985; Otomo, 1963; Horiuchi and
Nishida, 1967; Mizuno and Miyatani, 1976; Marczenki,
1986), because of their very complex sample matrices.
Conventional extractive spectrophotometric procedures for
preconcentration and separation, although effective, are
tedious, time-consuming, require large amount of sample and
reagents and sometimes vulnerable to contamination and
losses of analyte. Therefore, there is a need for a simple,
sensitive and selective spectrophotometric method for the
determination of palladium in synthetic mixture and environ-
mental samples. The proposed method is based on the forma-
tion of the yellow colored complex between Pd(II) and ceﬁxime
in methanol-distilled water medium in the presence of
Na2HPO4-citric acid buffer solution of pH 2.6 at room temper-ature (25 ± 1 C) which absorbs maximally at 352 nm. The
reaction conditions are optimized and validated as per the Inter-
national Conference on Harmonisation guidelines (ICH, 1995).2. Materials and methods
2.1. Apparatus
All spectral and absorbance measurements were made on a
Helios Alpha UV–Vis Spectrophotometer (Thermo Electron
Corporation, England, UK) with 1 cm matched quartz cells.
An air-acetylene ﬂame type atomic absorption spectrometer
(Model iCE 3000, Thermo Scientiﬁc) was used to determine
Pd(II) in synthetic mixture and automobile workshop area
samples.
IR spectra were recorded on an IRAfﬁnity-1 spectropho-
tometer (Shimadzu, Kyoto, Japan) in wave number region
4000–400 cm1 using KBr pellet technique.
Centrifuge machine (Centro 8, J.P. Selectra, Barcelona,
Spain) was used to separate the unwanted residue from ﬁltrate
of palladium. pH meter (Hanna, USA) was used to measure
the pH of analyte solution.
2.2. Reagents and standards
All reagents used were of analytical reagent grade.
1.41 · 103 M (0.025%) palladium chloride (CAS: 7647-10-1,
150.04 ppm Pd; M.W.: 177.32, Iqba Chemie Pvt. Ltd., Mum-
bai, India) solution was prepared by dissolving 0.025 g of pal-
ladium chloride in 5 mL of 0.5 M HCl and the mixture was
heated until the solute dissolved completely and cooled at
room temperature before diluting with distilled water up to
100 mL in a volumetric ﬂask.
9.852 · 104 M (0.05%) ceﬁxime trihydrate (CAS: 79350-
37-1, M.W.: 507.5) solution was freshly prepared in methanol.
The pure ceﬁxime trihydrate (Batch No. XMEO 110023) was
provided by National Pharmaceutical Industries Company,
Oman. The solution was stable up to 12 h.
Buffer solutions of pH ranging from 2.2, 2.4, 2.6, 2.8, 3.0,
3.2, 3.4 and 3.6 were prepared by mixing varying volumes of
0.4, 1.24, 2.18, 3.17, 4.11, 4.94, 5.70 and 6.44 mL of 0.2 M Na2-
HPO4 and 19.60, 18.76, 17.82, 16.83, 15.89, 15.06, 14.30 and
13.56 mL of 0.1 M citric acid in a total volume of 20 mL
(Britton, 1942).
Ghala automobile workshop area (Oman) sample was col-
lected with a brush and afterwards sieved to discard small
stones or unwanted particles.
2.3. Recommended procedure for the determination of Pd(II)
Aliquots of 0.05–1.1 mL of 1.41 · 103 M standard palladium
chloride solution corresponding to 0.750–16.5004 lg mL1
were pipetted, followed by the addition of 2.5 mL of
Na2HPO4-citric acid buffer solution of pH 2.6 into a series
of 10 mL standard volumetric ﬂasks. To each ﬂask, 1.1 mL
ceﬁxime (0.05%) solution was added and diluted up to the
mark with methanol. The contents of the ﬂask were mixed well
and the absorbance was measured at 352 nm against reagent
blank prepared similarly except Pd(II) within the stability time
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the calibration graph or the regression equation.
2.4. Procedure for reference method (Safavi et al., 1997)
Into a series of 150 mL separating funnels, an aliquot
(0.159–8.33 mL) of 0.01% PdCl2 solution (60.016 ppm Pd)
corresponding to 9.5–500 lg Pd was taken and the pH of the
solution was adjusted to pH 2 by adding dilute HCl or sodium
hydroxide in a total volume of 50 mL distilled water. To each
separating funnel, 5 mL of 1 · 103 M 1,2-bis[methyl
(2-aminocyclopentene carbodithioate)] ethane was added with
5 mL dichloromethane. The contents of the separating funnel
were shaken in a shaker for a period of 15 min and then allowed
to separate for two layers. The absorbance of the organic layer
was recorded at 475 nm against a reagent blank prepared sim-
ilarly except palladium. The amount of Pd(II) was obtained
either from the calibration graph or the regression equation.
2.5. Determination of Pd(II) in synthetic mixture sample
The synthetic mixture of Pd(II) chloride sample solution was
prepared by taking 25 mg of palladium chloride with 1.4 mg
CuSO4, 8.48 mg MgSO4, 35.7 mg MnSO4.H2O, 31.1 mg
CaCl2, 9.80 mg FeSO47H2O, 48.9 mg Cr2Cl36H2O, 4.63 mg
NiSO46H2O, 13.22 mg Al2(NO3)3.9H2O, 19.8 mg Fe2(SO4)39-
H2O, 10.85 mg 3CdSO48H2O and 4.03 mg ZnSO4.7H2O in a
100 mL standard volumetric ﬂask and diluted up to the mark
with distilled water. The amount of Pd(II) was determined by
the proposed and reference procedures.
2.6. Determination of Pd(II) in workshop area sample
The sample digestion was performed as per the procedure pub-
lished in scientiﬁc reputed journal (Dimitrova et al., 2004). The
palladium sample was dried in an oven at 100 C for 24 h. 2.5 g
of the road dust sample of the workshop area was weighed and
crushed. The larger particles were sieved and discarded. 0.5 g
of the powdered sample was transferred in a 100 mL beaker
and slurred with 3 mL of aqua regia. The contents of the bea-
ker were heated on a hot plate and stirred with the help of
small magnetic bead. On drying the mixture, again 3 mL of
aqua regia was added and the mixture was heated to dryness.
Then 2 mL of 65% HNO3 was added and the mixture was
heated to dryness. The residue was diluted to 50 mL with
doubly distilled water. The digest was centrifuged for 30 min
at 3000 r min1 in order to separate the solid residue. The ﬁl-
trate from all centrifuge tubes were collected in a 50 mL stan-
dard volumetric ﬂask and diluted up to the mark with distilled
water. The sample acidity was adjusted to pH 2.1 with NaOH.
0.5 mL of the aliquot of the workshop area sample was pipet-
ted into a 10 mL standard volumetric ﬂask with 1.1 mL of
ceﬁxime (0.05%) solution and 2.5 mL of the buffer solution
of pH 2.6. The contents of each ﬂask were mixed well at room
temperature and diluted up to the mark with methanol. The
absorbance of each solution was recorded at 352 nm against
the reagent blank, prepared similarly except Pd(II). The
amount of Pd(II) in ghala workshop area sample was obtained
either from the calibration graph or the regression equation.
The amount of Pd(II) in workshop area sample was also
estimated by the reference method (Safavi et al., 1997).2.7. Determination of stoichiometry
The stoichiometry of the reaction between palladium and ceﬁx-
ime was studied by the Mole ratio method (Likussar and Boltz,
1971). For this purpose, different volumes (0, 0.1, 0.2, 0.3, 0.4,
0.5, 0.6, 0.7, 0.8, 0.9 and 1.0 mL) of 9.852 · 104 M ceﬁxime
were added with 1.0 mL of 9.852 · 104 M palladium chloride
followed by the addition of 2.5 mL of buffer solution of pH 2.6
in 10 mL standard volumetric ﬂasks. The contents of the ﬂasks
were diluted up to the mark with methanol. The absorbance
was recorded at 352 nm and plotted against the mole ratio of
ceﬁxime and palladium.
2.8. Validation
The speciﬁcity of the proposed method was evaluated by deter-
mining 15.004 lg mL1 Pd(II) in the presence of metal ions
such as Cu(II), Mg(II), Mn(II), Ca(II), Fe(II), Cr(III), Ni(II),
Al(III), Fe(III), Cd(II) and Zn(II) added in the form of CuSO4,
MgSO4, MnSO4ÆH2O, CaCl2, FeSO47H2O, Cr2Cl36H2O,
NiSO46H2O, Al2(NO3)3Æ9H2O, Fe2(SO4)39H2O, 3CdSO48H2O
and ZnSO4Æ7H2O.
The precision of the proposed method was evaluated by
intra-day and inter-day precisions. For this purpose, the stan-
dard solution of palladium chloride at 3 concentration levels
(4.5012, 10.5028 and 16.5044 lg mL1) was taken and assessed
with 5 replicates for each of 3 working sample concentrations
in a single day (intra-day precision) and over ﬁve days (inter-
day precision).
The accuracy of the proposed method was determined by
the standard addition method. For this purpose, 0.5 mL of
the synthetic mixture of Pd(II) and Ghala workshop area
sample solutions were spiked with 0, 0.1, 0.2, 0.3 and 0.4 mL
standard Pd(II) solution corresponding to 0, 1.5004, 3.0008,
4.5012 and 6.0016 lg mL1 Pd(II).
The robustness of the proposed method was evaluated by
analyzing 15.004 lg mL1 Pd(II) in synthetic mixture sample
by varying the volume of ceﬁxime (1.1 ± 0.2 mL) at room
temperature (25 ± 1 C).
The linearity of the proposed method was assessed at 9
concentration levels (0.7502, 1.5004, 3.0008, 4.5012, 7.502,
10.5028, 13.5036, 15.004 and 16.5044 lg mL1) of Pd(II). Each
concentration level was independently analyzed repeatedly for
ﬁve times. The absorbance obtained at each concentration was
plotted against the initial concentration of Pd(II) in lg mL1.
The linear regression equation was evaluated by least square
treatment of the calibration data. The other statistical param-
eters of the proposed method were calculated using Origin
Software. Limits of detection (LOD) and quantitation (LOQ)
were calculated by the following expressions:
LOD ¼ 3:3 S0
b
ð1Þ
LOQ ¼ 10 S0
b
ð2Þ
where S0 and b are standard deviation and slope of calibration
line, respectively.
The bias of the proposed and reference method has been
evaluated by point and interval hypothesis tests. The proposed
method was compared with the reference method and consid-
ered to be acceptable, if mean recovery of the proposed
method is within ±2.0% of that of the reference method.
Figure 1 Infrared spectra of (a) pure ceﬁxime and (b) Pd-ceﬁxime complex in KBr (2 mg sample/200 mg KBr).
32 S.N.H. Azmi et al.The lower (hL) and the upper (hU) acceptance limits can be cal-
culated by the following quadratic equation (Hartmann et al.,
1995):
h2 x21  S2pt2tab=n1
 
þ h 2x1 x2ð Þ þ x22  S2pt2tab=n2
 
¼ 0 ð3Þ
where x1 and x2 are mean values at n1 and n2 measurements,
respectively. Sp is the pooled standard deviation and ttab is
the tabulated one-sided t-value at 95% conﬁdence level.
3. Results and discussion
The absorption spectrum of aqueous solution of palladium
chloride (pH 2.1) showed two bands were maximally
absorbed at 208 and 236 nm while the methanolic solution
of ceﬁxime was peaking at 210 and 290 nm. When the twosolutions were mixed together in the presence of Na2HPO4-
citric acid buffer solution of pH 2.6, a red shift in the wave-
length was observed due to the complexation reaction of
Pd(II) with ceﬁxime. The Pd(II)-ceﬁxime complex exhibited
only one band with kmax of 352 nm. The absorbance measure-
ment at 352 nm as a function of Pd(II) concentration was
exploited to develop a new and accurate spectrophotometric
method for the determination of Pd(II) in synthetic mixture
and automobile workshop area samples. The reaction was
carried out at room temperature (25 C) and the colored com-
plex was stable up to 6 h.
3.1. Stoichiometry
The stoichiometric ratio between Pd(II) and ceﬁxime was eval-
uated by the Mole ratio method. The mole ratio plot showed a
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Figure 2 Standard addition plot: 0.5 mL of each synthetic
mixture and Ghala workshop area samples was spiked with 0, 0.1,
0.2 0.3 and 0.4 mL standard solution of 0.025% palladium
chloride.
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tion of 2:1 Pd(II)-ceﬁxime complex. The apparent formation
constant (Kf) for Pd(II)-ceﬁxime complex was calculated using
the following expression:
Kf ¼ ðAobs=AextpÞ
C
½CM  2 AobsAextp
 
C½CL  Aobs=Aexpt
 
C
ð4Þ
where Aobs and Aextp are observed and extrapolated absor-
bance values of Pd-ceﬁxime complex, respectively. CM, CL
and C are initial concentration of palladium, ceﬁxime and lim-
iting concentration (ceﬁxime) in mol L1, respectively. The Kf
of the complex was found to be 6.97 · 1014. The apparent
Gibbs free energy (DG) was calculated using DG= 2.303
RT logKf and found to be 84.69 kJ mol1, conﬁrming the
feasibility of the reaction.
The literature survey revealed a very important research
paper for the determination of ceﬁxime with palladium, based
on the formation of yellow complex absorbed maximally at
347 nm (El-Walily et al., 2000). The same reaction was
exploited to develop a spectrophotometric method for the
determination of palladium based on the formation of yellow
complex at 352 nm. El-Walily and coworkers reported that the
resulting Pd-ceﬁxime chelate (2:1) was obtained due to
complexation of palladium ions with the thiazole ring and
sulfur atom of the b-lactam of the ceﬁxime. Similarly, in theTable 1 Signiﬁcance of testing: point and interval hypothesis tests fo
conﬁdence level.
Proposed method Reference method
Recovery RSDa Recovery RSDa
(%) (%) (%) (%)
99.96 0.35 100.11 0.42
a Mean for 5 independent analyses.
b Theoretical t (m= 8) and F-values (m= 4, 4) at 95% conﬁdence level
c A bias, based on recovery experiments, of ±2% is acceptable.proposed method, 2 mol of palladium was coordinated with
1 mol of ceﬁxme. The infrared spectra of pure ceﬁxime and
Pd(II)-ceﬁxime complex are shown in Fig. 1a and b,
respectively.
3.2. Optimization of variables
The optimization of variables was investigated by testing reac-
tion time, concentration of ceﬁxime, solvents and buffer solu-
tion of different pH.
The effect of reaction time on the absorbance of Pd(II)-
ceﬁxime complex and its stability was investigated. The
Pd(II)-ceﬁxime complex got stabilized immediately at
25 ± 1 C and remained stable for 6 h.
The effect of the volume of 9.852 · 104 M ceﬁxime on the
absorbance of complex was examined in the range of
0.1–1.3 mL. The maximum absorbance was obtained with
0.9 mL of 9.852 · 104 M ceﬁxime. Above this volume up to
1.3 mL of 9.852 · 104 M ceﬁxime, the absorbance remained
unchanged. Therefore, 1.1 mL of 9.852 · 104 M ceﬁxime
was used in the determination of Pd(II).
The inﬂuence of pH on the absorbance of Pd(II)-ceﬁxime
complex with 15.005 lg mL1 Pd(II) using disodium hydrogen
phosphate-citric acid buffer was investigated in the pH range of
2.2–3.00. The maximum absorbance was obtained in the pH
range of 2.2–2.8. Above pH 2.8, the absorbance value
decreased. Therefore, the buffer solution of pH 2.6 was selected
for all absorbance measurements in the determination of Pd(II)
in automobile workshop area and synthetic mixture samples.
The effect of solvents such as methanol, acetone, acetoni-
trile, ethanol, 1,4-dioxan, dimethylformide (DMF) and dis-
tilled water was investigated using 15.005 lg mL1 Pd(II) on
the absorbance of Pd(II)-ceﬁxime complex. The reaction mix-
ture was turbid in distilled water and therefore, it is not a suit-
able solvent for dilution purpose. The highest absorbance was
obtained in methanol. Therefore, methanol was selected as the
best solvent for the dilution of the reaction mixture.
3.3. Validation
Beer’s law was obeyed in the concentration ranges of 0.7502–
16.5044 lg mL1 with apparent molar absorptivity of
1.22 · 104 L mol1 cm1 and Sandell’s sensitivity of 0.017 lg/
cm2/0.001 absorbance unit. The linear regression equation
was obtained by statistical treatment of the calibration data
and found to be A= 1.01 · 104 + 5.74 · 102 C with stan-
dard deviation of calibration line of 1.22 · 103 lg mL1.
LOD and LOQ were calculated and found to be 0.07 and
0.21 lg mL1, respectively. The high value of correlation coef-
ﬁcient (0.9999) indicated excellent linearity. The experimentalr the determination of Pd(II) in synthetic mixture sample at 95%
Paired t-valueb F-valueb hL
c hU
c
0.60 1.443 0.995 1.008
are 2.306 and 6.39, respectively.
Table 2 Comparison of the proposed spectrophotometric methods with existing related techniques for the assay of ceﬁxime in
pharmaceutical formulations.
Reagents kmax, nm Molar
absorptivity,
L mol1 cm1
Linear dynamic
range, lg mL1
RSD,% References
Spectrophotometry: 2,4-
dihydroxyl acetophenone-p-
hydroxylbenzoylhydrazone in the
presence of sodium acetate-HCl
buﬀer solution
375 8.5 · 103 1.06–8.51 - Challa and Reddy (2011)
2,4-Dihydroxy benzaldehyde
isonicotinoyl hydrazone
435 2.08 · 104 0.213–2.129 0.1–0.43 Reddy et al. (2011)
2-(2-Quinolinylazo)-5-
diethylaminobenzoic acid in HCl
and Cetyl trimethylammonium
bromide medium
625 1.51 · 105 0.01–0.6 0.75 Huang et al. (2005)
5-(5-Nitro-2-pyridylazo)-2,4-
diaminotoluene in HCl medium
592 1.25 · 105 0–0.9 – Yang et al. (1996)
o-Hydroxyacetophenone
thiosemicarbazone
370 9 · 103 0.42–10.6 – Murthy and Reddy (1992)
1-(2-Pyridylazo)-2-naphthol
(Solid–liquid extraction at 90 C)
678 1.20 · 104 0.1–1.8 – Gao et al. (1997)
Flow injection
spectrophotometry: 2,20-
furyldioxime in nitric acid nitric
acid medium
410 – 0.01–10 0.1–1.2 Sacmaci and Kartal (2013)
Extractive spectrophotometry:
1,2-bis[methyl(2-
aminocyclopentene
carbodithioate)] ethane and
extraction in dichloromethane
475 1.2 · 104 0.19–10 0.7–1.1 Safavi et al. (1997)
Pyridoxal-4-phenyl-3-
thiosemicarbazone, extracted
into benzene
460 2.2 · 104 0.4–6.4 1.84 Sarma et al. (2002)
Spectrophotometry: ceﬁxime in
methanol–water medium in the
presence of Na2HPO4-citric acid
buﬀer solution
352 1.224 · 104 0.750–16.500 0.09–0.44 This work
34 S.N.H. Azmi et al.intercept of the calibration line was tested for signiﬁcance of
deviation from the theoretical intercept i.e. zero. For this jus-
tiﬁcation, t-value was calculated using relation, t= a/Sa
(Nalimov, 1963) and found to be 0.143, which did not exceed
the tabulated t-value (2.365, m= 7) at 95% conﬁdence level.
This indicated that the intercept in the calibration equation
of the proposed method was not signiﬁcantly different from
zero. Thus, the proposed method is free from procedural error.
The intra-day and inter day precisions for the proposed
method were evaluated. Results of analyses for percentage
recovery and RSD (intra-day and inter-day precisions) were
in the ranges of 99.92–100.15% and 0.09–0.44%, respectively,
indicated that the proposed method is very precise and thus,
can be used to determine Pd(II) in synthetic mixture and
automobile workshop area samples.
The accuracy of the proposed method was investigated by
performing recovery experiments through the standard
addition technique. The absorbance for standard added sam-
ple solutions was recorded and plotted as shown in Fig. 2. It
is clear from the graph that the linearity of the regression lines
for synthetic mixture and workshop area samples was good
(r= 0.999) with slope of 0.0573, 0.0575 and intercept of
0.4318, 0.3566, respectively. The concentration of Pd(II) in
synthetic mixture and workshop area samples was calculatedby the ratio of the intercept to the slope and subjected to
standard deviation, SxE, which can be calculated by the fol-
lowing expression:
SxE ¼ Sy=x
b
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
1
n
þ y
2
b2
X
i
ðxi  xÞ2
vuuut ð5Þ
and found to be 0.038 and 0.028 lg mL1, respectively for
synthetic mixture and automobile workshop area samples.
The conﬁdence limit for the concentration of Pd(II) in
synthetic mixture and workshop area samples was calculated
by xE ± tSxE at n  2 degrees of freedom and found to be
7.533 ± 0.038 and 6.200 ± 0.028, respectively. The most
attractive feature of the proposed method using the standard
addition method is its relative freedom from various non
targeted cations. Hence the proposed method is accurate.
The robustness of the proposed method was established by
deliberately changing the volume of 9.852 · 104 M ceﬁxime,
0.9 mL (±0.2 mL) for the determinationofPd(II). The synthetic
mixture sample solution containing 15.004 lg mL1 Pd(II) was
analyzed ﬁve times repeatedly by the proposedmethod. Percent-
age recovery and RSD were found to be 99.96% and 0.345%,
respectively, indicating the robustness of the proposed method.
Determination of palladium(II) in synthetic mixture and automobile workshop area samples 35The effect of other ions on the determination of
15.004 lg mL1 Pd(II) was studied. For this purpose, varying
concentrations of metal ions such as Cu(II), Mg(II), Mn(II),
Ca(II), Fe(II), Cr(III), Ni(II), Al(III), Fe(III), Cd(II) and
Zn(II) with 15.004 lg mL1 Pd(II) were taken and the absor-
bance which did not exceed ±2% was considered for calculat-
ing maximum tolerance amount of metal ions. The maximum
tolerance amount of Cu(II), Mg(II), Mn(II), Ca(II), Fe(II),
Cr(III), Ni(II), Al(III), Fe(III), Cd(II) and Zn(II) was calcu-
lated and found to be 0.56, 1.71, 11.60, 8.48, 1.97, 9.54, 1.03,
0.95, 1.97, 1.58 and 0.92 lg mL1, respectively indicating that
the proposed method is more selective.
The applicability of the proposed method for the determi-
nation of Pd(II) in synthetic mixture and automobile work-
shop area samples has been tested. Results of the proposed
method were statistically compared with those of the reference
method using point and interval hypothesis tests. The paired t-
and the F-values at 95% conﬁdence level were calculated and
found to be less than the tabulated t- (2.036 at t= 8) and
the F-values (6.39 at t= 4,4) at 95% conﬁdence level
(Mendham et al., 2002), thus conﬁrming no signiﬁcant differ-
ence between the performance of the proposed method and
the reference method (Table 1). The bias calculated by interval
hypothesis test in the form of lower limit (hL) and upper limit
(hU) was in the range of 0.98–1.02.
The performance of the proposed method was also tested in
automobile workshop area sample collected from Ghala
(Muscat, Oman) and checked for its accuracy with the refer-
ence method. The amount of Pd(II) obtained by the proposed
method (6.205 lg mL1) was in good agreement with the refer-
ence method (6.200 lg mL1). Thus, the proposed method is
suitable for routine analysis of Pd(II) in real samples of soil.
The speed of analysis and less number of reagents utilized in
the proposed method are the main advantages of the proposed
method as compared to the reference method.
The performance and utility of the proposed method are
compared with other methods for determining Pd(II) in work-
shop area samples (Table 2). It can be seen from the table that
the sensitivity of the proposed method is higher than most of
the compared methods. Only methods with sample preconcen-
tration (Gao et al., 1997; Huang et al., 2005) yielded higher sen-
sitivity but the instrumental set-up is much more complex and
expensive.
4. Conclusions
The proposed method is a direct UV–Visible spectrophotomet-
ric method as compared to the reference method (extractive
spectrophotometric method). The proposed method is simple
and accurate for the determination of Pd(II) in synthetic mix-
ture and automobile workshop area samples. The method has
the advantage of using a commonly available solvent i.e. meth-
anol with the use of ceﬁxime as a reagent. The proposed
method has avoided the use of heating the reaction mixture
and can be used as an alternate method for routine quality
control analysis of Pd(II) in soil, water and catalyst samples.
Acknowledgements
The authors are grateful to the higher-up of the Ministry of
ManPower (Higher College of Technology) Muscat, Sultanateof Oman for facilities. The authors wish to express their grat-
itude to M/s National Pharmaceutical Industries Company,
Oman for providing the gift sample of pure ceﬁxime.
References
Begerow, J., Turfeld, M., Dunemann, L., 1997. Determination of
physiological palladium, platinum, iridium, and gold levels in human
blood using double focusing magnetic sector ﬁeld inductively couples
plasma mass spectrometry. J. Anal. At. Spectrom. 12, 1095.
Britton, H.T.S., 1942. Chapter XVI: solutions of known hydrogen ion
concentration. In: Hydrogen Ions (vol. I). Chapman and Hall Ltd.,
London, p. 304.
Bruzzoniti, M.C., Mucchino, C., Tarasco, E., Sarzanini, C., 2003. On-
line preconcentration, ion chromatographic separation and spectro-
photometric determination of palladium at trace level. J. Chroma-
togr. A 1007, 93.
C¸etin, T., Tokalıog˘lu, S., U¨lgen, A., Sahan, S., O¨zentu¨rk, I., Soykan, C.,
2013. Synthesis/characterization of a new chelating resin and on-line
solid phase extraction for the determination of Ag(I) and Pd(II) from
water, cream, anode slime and converter samples by ﬂow injection
ﬂame atomic absorption spectrometry. Talanta 105, 340–346.
Challa, M., Reddy, T.S., 2011. Simple and simultaneous spectropho-
tometric determination of Pd (II) in alloys using hydrazone
compounds. Afr. J. Pure Appl. Chem. 5, 442–447.
Chwastowska, J., Skwara, W., Sterlinska, E., Pszonicki, L., 2004.
Determination of platinum and palladium in environmental sam-
ples by graphite furnace atomic absorption spectrometry after
separation on dithizone sorbent. Talanta 64, 224–229.
Davis, W.F., 1969. Spectrophotometric determination of palladium in
titanium-base alloys, with dimethylglyoxime. Talanta 16, 1330–1334.
Dias, L.F., Nozaki, J., 1998. Polarographic determination of palla-
dium(II) in rocks after extraction with [5-(4-Dimethylaminebenzylid-
ene)rhodanine] and methyl isobutyl ketone. Anal. Lett. 31, 2489–
2497.
Dimitrova, B., Benkhedda, K., Ivanova, E., Adams, F., 2004. ETASS
determination of palladium in tunnel dust after ﬂow injection
separation and preconcentration using a cyclic polyether. Can. J.
Anal. Sci. Spectrosc. 49, 346–352.
Djingova, R., Heidenreich, H., Kovacheva, P., Markert, B., 2003. On
the determination of platinum group elements in environmental
materials by inductively coupled plasma mass spectrometry and
microwave digestion. Anal. Chim. Acta 489, 245–251.
Dong, X., Han, Y., Hu, Q., Chen, J., Yang, G., 2006. Simultaneous
determination of palladium, platinum, and rhodiumbyon line column
enrichment and HPLC with 2,4-dihydroxybenzylidenethiorhodanine
as aprecolumnderivatization reagent. J.Braz.Chem.Soc. 17, 189–193.
El-Walily, A.F.M., Gazy, A.A., Belal, S.F., Khamis, E.F., 2000.
Quantitative determination of some thiozole cephalosporins through
complexation with palladium(II) chloride. J. Pharm. Biomed. Anal.
22, 385–392.
Gomez, M.B., Gomez, M.M., Palacios, M.A., 2003. ICP-MS deter-
mination of Pt, Pd, and Rh in airborne and road dust after
tellurium coprecipitation. J. Anal. At. Spectrom. 18, 80–83.
Hartmann, C., Smeyers-Verbeke, J., Pinninckx, W., Heyden, Y.V.,
Vankeerberghen, P., Massart, D.L., 1995. Reappraisal of hypoth-
esis testing for method validation: detection of systematic error by
comparing the means of two methods or of two laboratories. Anal.
Chem. 67, 4491–4499.
Horiuchi, Y., Nishida, H., 1967. Spectrophotometric determination of
palladium with Chromazurol S. Bunseki Kagaku, 16, 1010–1026.
Huang, Z., Wei, Q., Yang, X., Hu, Q., Chen, J., Yang, G., 2005.
Spectrophotometric determination of palladium by the colouration
with 2-(2 Quinolylazo)-5-diethylaminobenzoic acid. Bull. Korean
Chem. Soc. 26, 1623–1626.
International Conference on Harmonisation, Food and Drug Admin-
istration, 1995. ICH Harmonised Tripartite Guideline – Text on
36 S.N.H. Azmi et al.Validation of Analytical Procedures. Rockville, MD, USA. Federal
Registry, 60, 11260.
Kanetake, T., Otomo, M., 1988. Extractive spectrophotometric
determination of palladium with Di-2-pyridylmethanone 2-(5-
Nitro)pyridylhydrazone. Anal. Sci. 4, 411–415.
Kovacheva, P., Djingova, R., 2002. Ion exchange method for
separation and concentration of platinum and palladium for
analysis of environmental samples by inductively coupled plasma
atomic emission spectrometry. Anal. Chim. Acta 464, 7–13.
Kumar, A.P., Reddy, P.R., Reddy, V.K., Lee, Y.I., 2009. Simple and
simultaneous method for the determination of palladium(II) and
ruthenium(III) using second order derivative spectrophotometry.
Anal. Lett. 42, 84–93.
Lee, D.S., 1983. Palladium and nickel in north east paciﬁc waters.
Nature 305, 47–48.
Liang, P., Zhao, E., Li, F., 2009. Dispersive liquid-liquid microex-
traction preconcentration of palladium in water samples and
determination by graphite atomic absorption spectrometry. Talan-
ta 77, 1854–1857.
Likussar, W., Boltz, D.F., 1971. Spectrophotometric determination of
extraction constants for certain metal 1-pyrrolidinecarbodithioates.
Anal. Chem. 43, 1265.
Limbeck, A., Rendl, J., Puxbaum, H., 2003. ETAAS determination of
palladium in environmental samples with on-line preconcentration
and matrix separation. J. Anal. At. Spectrom. 18, 161.
Marczenki, Z., Kus, S., 1985. Separation and spectrophotometric
determination of palladium and platinum with dithiozone using
and iodide medium. Analyst 110, 1005.
Marczenki, Z., 1986. Separation and spectrophotometric determina-
tion of elements. Wiley, New York, p. 437.
Mendham, J., Denney, R.C., Barnes, J.D., Thomas, M., 2002. Statistics:
introduction to chemometrics. In: Vogel’s Textbook of Quantitative
Chemical Analysis 6th ed., Pearson Education, Singapore, p. 137.
Mizuno, K., Miyatani, G., 1976. Successive spectrophotometric
determination of palladium and platinum. Bull. Chem. Soc. Jpn
49, 2479–2480.
Moldovan, M., Gomez, M.M., Palacios, M.A., 1999. Determination of
platinum, rhodium and palladium in exhaust fumes. J. Anal. At.
Spectrom. 14, 1163–1169.
Moldovan, M., Gomez, M.M., Palacios, M.A., 2003. On line
preconcentration of palladium on alumina microcolumns and
determination in urban waters by inductively coupled plasma mass
spectrometry. Anal. Chim. Acta 478, 209–217.
Mori, I., Kawakatsu, T., Fujita, Y., Matsuo, T., 1999. Selective
spectrophotometric determination of palladium(II) with 2(5-nitro-
2-pyridylazo)-5-(N-propyl-N-3-sulfopropylamino) phenol(5-NO2-
ÆPAPS) and tartaric acid with 5-NO2ÆPAPS-niobium(V) complex.
Talanta 48, 1039–1044.
Murthy, G.V.R., Reddy, T.S., 1992. O-Hydroxyacetophenone thio-
semicarbazone as a reagent for the rapid spectrophotometric
determination of palladium. Talanta 39, 697–701.
Nalimov, V.V., 1963. The Application of Mathematical Statistics to
Chemical Analysis. Pergamon Press, Oxford, p. 167.
Niazi, A., Jafarain, B., Ghasemi, J., 2008. Kinetic spectrophotometric
determination of trace amounts of palladium by whole kinetic
curve and a ﬁxed time method using resazurin sulﬁde reaction.
Spectrochim. Acta A 71, 841–846.
Otomo, M., 1963. The spectrophotometric determination of palla-
dium(II) with xylenol orange. Bull. Chem. Soc. Jpn 36, 889–892.
Ozturk, N., Bulut, V.N., Duran, C., Soylak, M., 2011. Coprecipitation
of palladium(II) with 1,5-diphenylcarbazite-copper(II) and deter-
mination by ﬂame atomic absorption spectrometry. Desalination
270, 130–134.
Reddy, T.V., Reddy, P.R., Reddy, V.K., Reddy, K.P.P.R.M., 2011.
2,4-Dihydroxybenzaldehyde isonicotinoyl hydrazone as aspectrophotometric reagent for the determination of palladium
(II). Res. J. Pharm. Biol. Chem. Sci. 2, 169–174.
Reddy, K.J., Kumar, J.R., Ramachandraiah, C., Reddy, S.A., Reddy,
A.V., 2008. Selective and sensitive extractive spectrophotometric
determination of micro amounts of palladium(II) in spiked
samples: using a new reagent N-ethyl-3-carbazolecarbaxaldehyd-
ethiosemicarbazone. Environ. Monit. Assess. 136, 337–346.
Rojas, F.S., Ojeda, C.B., Pavon, J.M.C., 2006. Automated on-line
separation preconcentration system for palladium determination by
graphite furnace atomic absorption spectrometry and its applica-
tion to palladium determination in environmental and food
samples. Talanta 70, 979–983.
Sac¸macı, S., Kartal, S., 2013. Determination of palladium by on-line
ﬂow-injection direct spectrophotometry in environmental samples
using 2,20-furyldioxime as a chelator. Talanta 109, 26–30.
Safavi, A., Gholivand, M.B., Dastaghaib, S.R., 1997. Selective
extraction-spectrophotometric determination of traces of palla-
dium in catalysts. Microchem. J. 57, 288–293.
Sarma, L.S., Kumar, J.R., Reddy, K.J., Kumar, A.K., Reddy, A.V.,
2002. A rapid and sensitive extractive spectrophotometric determi-
nation of palladium(II) in synthetic mixtures and hydrogenation
catalysts using pyridoxal-4-phenyl-3-thiosemicarbazone. Anal. Sci.
2002 (18), 1257–1261.
Serencam, H., Bulut, V.N., Tufekci, M., Gundogdu, A., Duran, C.,
Hamza, S., Soylak, M., 2013. Separation and pre-concentration of
palladium(II) from environmental and industrial samples by
formation of a derivative of 1,2,4-triazole complex on amberlite
XAD-2010 resin. Int. J. Environ. Anal. Chem. 93, 1484–1499.
Sharma, R.K., Pandey, A., Gulati, S., Adholeya, A., 2012. An optimized
procedure for preconcentration, determination and on-line recovery
of palladium using highly selective diphenyldiketone-monothiose-
micarbazone modiﬁed silica gel. J. Hazard. Mater. 209–210, 285–292.
Soylak, M., Altin, R., 2013. Determination of palladium in anodic
slime and waste waters by ﬂame AAS after preconcentration-
separation. Fresenius Environ. Bull. 22, 2896–2900.
Soylak, M., Elci, L., Dogan, M., 2000. A sorbent extraction procedure
for the preconcentration of gold, silver and palladium on an
activated carbon column. Anal. Lett. 33, 513–525.
Tilch, J., Schuster, M., Schwarzer, M., 2000. Determination of
palladium in air borne particulate matter in a German city.
Fresenius J. Anal. Chem. 367, 450–453.
Tillery, J.B., Johnson, D.E., 1975. Determination of platinum,
palladium, and lead in biological samples by atomic absorption
spectrophotometry. Environ. Health Perspect. 12, 19–26.
Tokalioglu, S., Oymak, T., Kartal, S., 2004. Determination of
palladium in various samples by atomic absorption spectrometry
after preconcentration with dimethylglyoxime on silica gel. Anal.
Chim. Acta 511, 255–260.
Vaezzadeh, M., Shemirani, F., Majidi, B., 2010. Microextraction
technique based on ionic liquid for preconcentration and determi-
nation of palladium in food additive, sea water, tea and biological
samples. Food Chem. Toxicol. 48, 1455–1460.
Vojkovic, V., Druskovic, V., 2003. Simultaneous determination of
palladium(II) and gold(III) in mixtures by third derivative spec-
trophotometry using 3-hydroxy-2-methyl-1-phenyl-4-pyridone
ligand. Croat. Chim. Acta 76, 87–92.
WHO, 2000. Environmental Health Criteria for Palladium, International
programme on Chemical safety, Geneva, World health organization.
Yang, H., Zhang, G., Zhang, L., Liu, G., Zhang, X., 1996. Synthesis of
5-(5-nitro-2-pyridylazo)-2,4-diaminotoluene and its application to
spectrophotometric determination of microamounts of palladium.
Talanta 43, 747–753.
Yang, J.S., 1989. Determination of palladium and platinum in
seaweed. J. Oceanogr. Soc. Jpn. 45, 369–374.
